Artificial seed technology is a powerful tool for the propagation of rare and threatened species with high economic value. In the present investigation, medium-sized protocorms of Cymbidium aloifolium were encapsulated with 3% sodium alginate and 0.2 M calcium chloride dihydrate (CaCl 2 .2H 2 O) solution. In vitro culture of encapsulated protocorm was carried out on different strength (1.0, ½ and ¼) of two different liquid media, viz. Murashige and Skoog (MS) and Knudson (Kn C), and full strength (1.0) of both media supplemented with 0.5 mg/l 6-benzyl aminopurine (BAP) and 0.5 mg/l á-naphthalene acetic acid (NAA). In vitro germination and seedling development from encapsulated protocorm was compared with non-encapsulated protocorm inoculated on similar culture conditions. Six replicates were used for each treatment. The full strength of MS medium without plant growth regulators was found to be the most favourable condition for germination and plantlet regeneration of C. aloifolium. However, earlier seedling development was achieved from encapsulated (after 18.5 ± 0.84 weeks of culture) than non-encapsulated (after 20.5 ± 0.34 weeks of culture) protocorm. In addition, 100% of encapsulated protocorms were viable when stored for 20 days at 4°C, while non-encapsulated protocorms showed only 6.67% viability on 10 days storage at 4°C and later they lost their viability. For acclimatization, plantlets regenerated from encapsulated protocorms were successfully hardened in a potting mixture of cocopeat and clay (3:1) with 85% survival rate. The present investigation has provided a standard protocol for short-to mid-term storage and efficient conversion of plantlets of C. aloifolium through artificial seed technology, which could be beneficial for commercial production of this orchid and its germplasm preservation.
Introduction
Orchids have tremendous horticultural and medicinal importance. They are prized for their beautiful longlasting flowers exhibiting an incredible range of diversity in size, shape and colour (Corrie and Tandon 1993) .
Though a single pod of orchids contain many seeds, only less than 5% germinate in nature as the seeds are minute, non-endospermic with reduced embryo and thus requiring mycorrizal association (Nongdam and Chongtham 2011) . Hence, tissue culture technique has been widely used for asymbiotic germination and mass propagation of orchids (Malabadi et al. 2005) .
Cymbidium aloifolium (L.) Sw. is one of the threatened epiphytic orchids of Nepal. The whole plant of this species is used as tonic (Hossain 2011) . Paste of leaves and pseudobulbs are used to heal fractured or dislocated bones, and to cure boils and fever (Das et al. 2008; Pant and Raskoti 2013) . Besides medicinal value, C. aloifolium also fetches a good price in floriculture market because of its attractive long-lasting beautiful flowers.
In nature, habitat destruction, indiscriminate collections by orchid lovers and over exploitation for medicinal purposes have led tremendous pressure on the viability of its population. Therefore, efficient conservation strategies are needed to protect this valuable orchid. In this perspective, artificial seed technology, with its advantage of storage and easy handling because of its miniature bead size, could be an alternative method of micropropagation.
Artificial seed or synthetic seed is defined as an artificially encapsulated somatic embryo, protocorm, shoot, node or any other meristematic tissue, which can develop into plant under in vitro and in vivo conditions (Kikowska and Thiem 2011) . Artificial seed technology provides a viable approach for in vitro germplasm conservations as it combines the advantages of clonal multiplication with those of seed propagation and storage (Mohanty and Das 2013) . However, successful plant recovery from encapsulated vegetative micropropagules mostly depends on the plant species, nutrient composition and period of storage. Initially, only somatic embryos were used as plant material for artificial seed production, but production of uniform somatic embryo at a time is difficult. As a result, efforts have been made for encapsulation in linear copolymer such as alginic acid (an anionic polysaccharide) of in vitroderived non-embryogenic plant material (protocorm, shoot tip, bud, etc.) since last few years (Standardi and Piccioni 1998) . Plant tissues encapsulated within the alginate matrix are protected from physical and environmental injury. The matrix also reduces dehydration and grips the explants inside the gel during storage (Ara et al. 2000; Mohanty and Das 2013) .
Protocorm and protocorm-like bodies are found to be the most efficient explants for artificial seed development due to their superior regenerative character (Saiprasad and Polisetty 2003) .
In this study an attempt has been made to produce the artificial seed by encapsulating the protocorms of C. aloifolium. The present investigation was undertaken to study the best medium for in vitro germination and plantlet conversion of 3% alginate encapsulated and non-encapsulated protocorms of C. aloifolium. The results of present investigation might be useful for clonal propagation and short-to mid-term storage of this species for germplasm preservation.
Materials and Method

PLANT MATERIAL
Protocorms developed from in vitro culture of seeds of C. aloifolium were used as explants for present investigation. For propagation and production through protocorms, the immature undehisced capsules of C. aloifolium were collected from wild. The capsules were washed under running tap water for 30 minutes and surface sterilized with 70% alcohol (2 minutes) and 1% sodium hypochlorite solution (15 minutes). Finally, it was rinsed in sterile water for at least three times and kept ready for cut after drying in filter paper. The capsule was cut longitudinally with sterile surgical blade and exposed the yellowish white seeds. Seeds were inoculated on MS medium and kept in culture room maintained with temperature 25 ± 2°C under 16/8 h photoperiod from cool-white fluorescent light. The seeds were found swollen and became spherule in shape after 8-10 weeks of culture. These spherule structures soon turned green in colour and developed protocorms after 12 weeks of culture. Tissues after 20-25 days of protocorm initiation were used for producing artificial seeds (encapsulated protocorm).
CULTURE MEDIUM
Here, MS (Murashige and Skoog 1962) and Kn C (Knudson 1922) 
Results
Encapsulated and non-encapsulated protocorms were successfully inoculated singly on different strengths (1, ½, and ¼) of liquid MS and Kn C media and full strength of both media fortified with 0.5 mg/l BAP and NAA for their germination and seedling development.
It was found that in vitro germination of encapsulated protocorms was started within 4.33 to 5.00 weeks of culture on all the culture conditions of MS medium and 6.17 to 7.67 weeks of culture on Kn C medium (Table 1) , whereas germination of non-encapsulated protocorms Culture conditions: various strength of MS and Kn C liquid media, 25 ± 2 0 C, 24 weeks, 16/8 hrs photoperiod; 6 replicates were used in each condition. p-value based on one-way ANOVA (df 3, 23).
Culture conditions: various strength of MS and Kn C liquid media, 25 ± 2 0 C, 24 weeks, 16/8 hrs photoperiod; 6 replicates were used in each condition. p-value based on one-way ANOVA (df 3, 23). with 100% seedling development compared to other tested conditions of MS medium (Table 1) . One-way ANOVA showed that among the growth parameters studied only the initiation of leaf primordia and seedling development varied significantly among different conditions of MS medium (p < 0.05; Table 1 ). Hormonefree, full strength of Kn C medium exhibited earlier shoot, leaf and root development than did by other tested conditions of Kn C medium (p < 0.001; Table 1 ). In this medium, the whole seedling was also developed on shortest period of time (19.33 ± 0.95 weeks of culture; p < 0.001) with highest percentage (66.67%) of seedling development compared to other culture conditions (Table 1) .
Hormone-free full strength of MS medium was also found to be the effective condition for initial development of shoot (6.00 ± 0.36 weeks of culture), (Table 2) .
Encapsulated protocorms stored at 4ºC were greenish and healthy, whereas those stored at room temperature (RT) became pale and reduced its size. They showed 100% viability when stored for 20 days at 4ºC while their viability percentage decreased to 66.67% on 60 days of storage. Encapsulated protocorms stored at RT showed only 76.67% viability up to 10 days of storage, viability decreased to 10% on 40 days and no viability was observed after 50 days of storage due to desiccation. However, only 6.67% of non-encapsulated protocorms stored for 10 days at 4ºC were viable and no viability was observed after 20 days of storage. Nonencapsulated protocorms also failed to give response when stored at RT (Table 3) .
In vitro seedling with well-developed roots obtained from encapsulated prototocorm after attaining the height of 4-5 cm was acclimatized in plastic or clay pot containing cocopeat and clay in the ratio of 3:1 (Figure 1f) . Almost 85% seedlings of C. aloifolium were successfully survived under this potting mixture. were dissimilar to the reports of Mohanty and Das (2013) who found that MS medium supplemented with 2 mg/l BAP was efficient for 100% conversion of encapsulated PLB's into plantlets on Dendrobium densiflorum.
Discussion
Similarly, Qin et al. (2008) found that modified MS with 4% maltose and BA (1 mg/l) and NAA (1 mg/l) favoured germination and seedling growth of Dendrobium huoshanense by using 4% sodium alginate. Datta et al. (1999) reported 88% of conversion of artificial seeds into plantlets in Geodorum densiflorum on modified
Knudson medium supplemented with BAP (1 mg/l) and NAA (1 mg/l).
In both temperatures (4ºC and RT), the germination percentage of encapsulated protocorms gradually declined with increased in storage time. The present finding is consistent with the results obtained by Singh (1991) in Spathoglottis plicata; Malemnganba et al. (1996) in Phaius tankervilleae; Datta et al. (1999) in Geodorum densiflorum; Saiprasad and Polisetty (2003) in the species of Dendrobium, Oncidium and Cattleya;
and Pradhan et al. (2014) in Cymbidium aloifolium. Nonencapsulated protocorms stored for 10 days showed only 6.67% of regeneration of plantlet at 4ºC. Later, nonencapsulated protocorms stored at 4ºC and RT became achlorophyllous, shrinked and lost their viability completely. Hence from the observation, it is concluded that encapsulated protocorms have higher regeneration capacity than non-encapsulated protocorms (Table 3 ).
The coating of alginate on encapsulated protocorms not only protects them from desiccation but also enhances their growth on nutrient media. Thus, encapsulated protocorms can be stored for short-to mid-term for germplasm preservation and can be easily delivered from laboratory to nursery.
The present study shows that the hormone-free full strength of liquid MS medium is the most effective condition for germination and regeneration of plantlets from encapsulated and non-encapsulated protocorms of C. aloifolium. High regeneration potentiality and strong viability of encapsulated compared to nonencapsulated protocorms support that the encapsulation technique is a promising tool for storage and supply of demanded plant material for propagation and exchange of germplasm. It is therefore concluded that protocorms encapsulated with 3% alginate can be used as alternative planting materials for germplasm preservation, short-to mid-term storage, and mass propagation of C. aloifolium.
